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VEHICLE AIR-CONDITIONING APPARATUS THAT CAN SURELY DEF06 WINDOW 



CROSS REFERENNCE TO RELATED APPLICATION 
This application is based on Japanese Patent Application No. 
5 2002-306552 filed on October 22 ^ 2002, the disclosure of which is 
incorporated herein by reference. 



FIELD OF THE INVENTION 
The present invention relates to a vehicle air-conditioning 
10 apparatus, and more particularly to a vehicle air-conditioning 
apparatus which activates its def ogging system when the window of 
the vehic le is considered to become fogged in a state vtfiere an activation 
switch of a compressor is turned on. 

15 BACKGROUND OF THE INVENTION 

Aconventional vehic le air-conditioning apparatus is described , 
for exan^le, in JP-A-200 1-2 13152. This vehicle air-conditioning 
apparatus has a humidity sensor for detecting relative humidity in 
a passenger compartment. The vehicle air-conditioning apparatus 

20 calculates humidity in the vicinity of the inner surface of a vehicle 
window through the use of the value detected by the hxamidity sensor. 
Moreover, on the basis of the calculated humidity, it is determined 
whether the vehicle window becomes fogged or not . When determined 
to become fogged, its def ogging system is activated so as to defog 

25 the vehicle window, e.g., its evaporator is driven more actively 
so as to heighten its dehvimidifying performance. 

However, in this vehicle air-conditioning apparatus, the 
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humidity sensor is likely to incorrectly detect the relative humidity 
in the passenger compartment. When the humidity sensor detects the 
value of the relative hvmiidity more highly than its true value ^ the 
vehicle window is erroneously determined to be fogged. Accordingly ^ 
5 the defogging system is unnecessarily and wastefully driven. 
Otherwise, when the humidity sensor detects the value of the relative 
humidity lower than its true value / the vehicle window is erroneously 
determined not to be fogged. Accordingly, the vehicle window 
disadvantageous ly becomes fogged. 

10 

SUMMARY OF THE INVENTION 
In view of the foregoing problems, the purpose of the present 
invention is to provide a vehicle air-conditioning apparatus that 
can surely def og a vehicle window without unnecessarily being driven 

1 5 even though its humidity sensor incorrectly detects relative humidity 
in the passenger compartment. 

According to the invention, a vehicle air-conditioning 
apparatus includes a dehimiidification means, which has a compressor 
and dehumidiif ies inside of the vehicle, a humidity calculation means , 

20 which calculates humidity in the vicinity of an inside surface of 
the windshield, and a determination means, which determines whether 
thewindshield is fogged on the basis of comparison between the humidity 
and a predetermined value. A defogging operation for heightening 
dehumidif ying performance of the dehumidification means is performed , 

25 when the determination means determines that the windshield is fogged 
in a state where the compressor is turned on. The dehumidif ying 
performance of the dehumidification means is lowered or condition 
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in which the def ogging operation is started is made to be difficult 
in the next def ogging operation, when the windshield is determined 
to be fogged and the defogging operation is not manually performed 
in a state where the compressor is turned off. 
5 Therefore, the dehumidif ication means is prevented from being 

unnecessarily activated. 

Moreover, according to the invention, a vehicle 
air-conditioning apparatus includes a dehumidif ication means , which 
has a compressor and dehumidif ies inside of the vehicle, a humidity 

10 calculation means, which calculates humidity in the vicinity of an 
inside surface of the windshield, and a determination means, which 
determines whether the windshield is fogged on the basis of comparison 
between the humidity and a predetermined value . A defogging operation 
for heightening dehumidifying perfoinmance of the dehumidif ication 

15 means is performed, when the determination means determines that 
the windshield is fogged in a state where the compressor is turned 
on. The dehximidifying performance of the dehumidif ication means is 
heightened or condition in which the defogging operation is started 
is made to be easy in the next defogging operation, when the windshield 

20 is determined to be fogged and the defogging operation is not manually 
performed in a state where the conpressor is turned on. 

Therefore, the windshield can be surely defogged when fogged. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 The invention, together with additional objectives, features 

and advantages thereof, will be best understood from the following 
description, the appended claims and the accompanying drawings in 
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which : 

Fig. 1 is a schematic diagram of a vehicle air-conditioning 
apparatus according to the present invention; 

Fig. 2 is a schematic diagram of a control system of the vehicle 
5 air-conditioning apparatus; 

Fig. 3 is a front elevational view of a control panel of the 
vehicle air-conditioning apparatus; 

Fig. 4 is a flow chart showing the steps performed in 
conditioning air by the vehicle air-conditioning apparatus; 
10 Fig. 5 is a flowchart showing the steps performed in defogging 

by the vehicle air-conditioning apparatus; 

Fig. 6 is a first zone map with respect to defogging process 
by a vehicle air-conditioning apparatus according to the first 
embodiment of the present invention; 
15 Fig . 7 is a flowchart showing the steps in offsetting calculated 

hvffliidity on the basis of the first zone map; 

Fig. 8 is a second zone map with respect to defogging process 
by a vehicle air-conditioning apparatus according to the second 
embodiment of the present invention; and 
20 Fig . 9 is a flowchart showing the steps in offsetting calculated 

humidity on the basis of the second zone map. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 
The embodiment of the present invention will be described in 
25 detail with reference to the accompanying drawings. 

As shown in Fig. 1, a vehicle air-conditioning apparatus 1 
has an air blower unit 2, an air duct 3, an evaporator A, a heater 
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core 5 and an air mix door 6. The air blower unit 2 produces airflow. 
The air duct 3 introduces air from the air blower unit 2 into a passenger 
compartment (not shown). The evaporator 4 is disposed inside the 
duct 3 . The heater core 5 is disposed inside the air duct 3 downstream 
5 from the evaporator 4. Moreover / the vehicle air-conditioning 
apparatus 1 is automatically controlled by an ECU 7 (shown in Fig. 
2 ) , and thereby the temperature in the passenger compartment can 
be kept to be preset temperature. 

The air blower unit 2 includes a casing 2a, a centrifugal fan 

10 2b and a motor 2c. The casing 2a is formed integrally with an air 
switching unit 8 . The centrifugal fan 2b is disposed ins ide the cas ing 
2 a . The motor 2c rotatably drives the blower fan 2b . The air switching 
unit 8 has an inside-air intake opening 9, an outside-air intake 
opening 10 and a switching door 11. Through the inside-air intake 

15 opening 9, the air in the passenger compartment is drawn into the 
air switching unit 8. Through the outside-air intake opening 10, 
the outside air is drawn into the air switching unit 8 . The switching 
door 11 controls the opening degrees of the air intake openings 9, 
10. 

20 In the air duct 3 , a defroster air outlet 13 , a face air outlet 

14, a foot air outlet 15, a def-face switching door 16 and a foot 
door 17 are provided. From the defroster air outlet 13, conditioned 
air is blown toward a windshield 12. From the face air outlet 14, 
the conditioned air is blown toward the upper body of a passenger. 

25 From the foot air outlet 15, the conditioned air is blown toward 
the feet of the passenger. The def-face switching door 16 controls 
the opening degrees of the defroster air outlet 13 and the face air 
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outlet 14, The foot door 17 controls the opening degree of the foot 
air outlet 15, 

The evaporator 4 is one of main components of a refrigeration 
cycle 1000 ( a dehumidif ication means ) of the vehicle air-conditioning 
5 apparatus 4 . In the evaporator 4 , while low-tenperature refrigerant 
flows inside the evaporator 4 , the refrigerant is heated by ambient 
air around the evaporator 4 and is thereby vaporized. Then^ the 
ambient air is cooled and circulated. The refrigeration cycle 1000 
is essentially composed of a compressor 18, a condenser 19, a receiver 

10 20 and the evaporator 4. The compressor 18 is driven by an engine 
23 through an electromagnetic clutch 22. 

The heater core 5 is a heat exchanger, which heats its ambient 
air passing through the air duct 3 with the use of the heat of coolant 
from the engine 23 . The heater core 5 is communicated with the engine 

15 23 by way of coolant tubes 24 . The air mix door 6 controls the amount 
of air passing through the heater core 5 and the amount of air bypassing 
the heater core 5 , and thereby the temperature of the air blown toward 
the passenger compartment is controlled. 

An ECU 7 ( shown in Fig. 2 ) is an electric control unit employing 

20 a microcomputer (not shown) and is activated when the ignition switch 
(not shown) is turned on. The ECU 7 controls the vehicle 
air-conditioning apparatus 1 (e.g., the doors 6, 11, 16, 17, the 
blower unit 2, the compressor 18) on the basis of operation signals 
from a control panel 25 (shown in Fig. 3) and sensor signals from 

25 sensors devices 34-40 (shown in Fig. 2). 

As shown in Fig. 3, the control panel 25 is provided with an 
AUTO switch 26, an A/C switch 27, an OFF switch 28, a tenperature 



6 



set switch 29,3 set temperature display 3 0 , an air inlet mode selector 
31, a blowing level selector 32 and a blowing mode selector 33. 

While the AUTO switch 26 is turned on, the ECU 7 is instructed 
to automatically control the vehicle air-conditioning apparatus 1 . 
5 The A/C switch 27 is an on /off switch for turning the compressor 
18 on or off. The OFF switch 28 is a switch for turning off the ECU 
7. The temperature set switch 29 is a switch for configuring a set 
tCTiperature, which is a desired value of the temperature in the 
passenger compartment. The set temperature display 30 is a digital 

10 display for indicating the set ten^jerature configured by the 
temperature set switch 29. 

The air inlet mode selector 31 is a switch for switching between 
two air inlet modes. In detail, one of the air inlet modes is an 
outside mode, in which the outside air is introduced from the 

15 outside-air intake opening 10, and the other one is an inside mode, 
in which the inside air is introduced from the inside-air intake 
opening 9. 

Through the use of the blowing level selector 32, the blowing 
level of the air blown by the air blower unit 2, i.e. , the air blown 
20 into the passenger compartment can be selected from high blowing 
level (Hi), middle blowing level (Me) and low blowing level (Lo) . 

The blowing mode selector 33 has a face mode switch 33a for 
opening the face air outlet 14 , a face- foot mode switch 33b for opening 
the face and foot air outlets 14, 15, a foot mode switch 33c for 
25 opening the foot air outlet 15 and a defroster mode switch 33d for 
opening the defroster air outlet 13. 

Regarding the sensor devices, as shown in Fig. 2, an inside 
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temperature sensor 34, an outside temperature sensor 35, a sunlight 
sensor 36, a humidity sensor 37, an evaporator temperature sensor 
38, a coolant temperature sensor 39 and a potential sensor 40 are 
provided. The inside temperature sensor 34 detects the temperature 
in the passenger compartment (Tin) • The outside temperature sensor 
3 5 detects the temperature of the outs ide ( Tout ) . The sunl ight sensor 

36 detects the amount of solar radiation (Ts) . The humidity sensor 

37 senses relative humidity in the passenger compartment (RH) . The 
evaporator air temperature sensor 38 detects the temperature of the 
air cooled by the evaporator 4 (Te) . The coolant sensor 39 detects 
the temperature of the coolant (Tc) • The potential meter 40 detects 
the position of the air mix door 6. 

Hereinafter , thecontrol procedure of the ECU 7 will be described 
with reference to a flow chart shown in Fig. 4. 

At step SI 0, counters and flags used for controlling the vehicle 
air-conditioning apparatus 1 are initialized. 

At step S20 , set teit5>erature Tset configured by the temperature 
set switch 29 is read. 

At step S30, the sensor signals output from the sensor devices 
(e.g.. Tin, Tout, Ts, RH, Te and Tc) are read. 

At step S40, target blow tenperature Tt, which is temperature 
of air to be blown into the passenger compartment, is calculated 
on the basis of the following formula ( 1 ) , 
Tt=KsetxTset-KinxTin-Kout XTOut-Ks XTs+C •••( 1 ) , 

in which Kset is a set temperature coefficient. Kin is an inside 
temperature coefficient, Kout is an outside temperature coefficient, 
Ks is a sunlight coefficient and C is a correction coefficient. 
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At Step S50, a blower voltage Vb to be applied to the blower 
motor 2c is determined correspondingly to Tt on the basis of a blower 
characteristic graph (not shown) previously memorized in a ROM (not 
shown) . 

5 At step S60/ an air inlet mode MODEin corresponding to Tt is 

determined on the basis of an air-inlet characteristic graph 
previously mentiorized in the ROM. 

At step S70/ a target position SW of the air mix door 6 is 
calculated on the basis of the following formula (2), 
10 SW={(Tt-Te)^(Tc-Te)}xl00(%)-(2) 

At step S80, the ON/OFF state of the compressor 18 (STATEcomp) 
is determined on the basis of a target evaporator tCTiperature Tte, 
which is the target teitperature of air to be cooled by the evaporator 
4. This step relates to defogging process of this invention ^ which 
15 will be described later. 

At step S90, control signals are applied to control devices / 
such as a servo motor and a drive circuit (not shown), to attain 
each target value determined at the steps S50-S80. 

At step SI 00, the ECU 7 waits for a predetermined period t, 
20 and thereafter the steps S20-S100 are repeated. 

Hereinafter, the process of the step S80 will be described 
in detail. While each of following operations (a) -(c) is performed, 
the ECU 7 calculates Tte, 

(a) temperature control operation for controlling the 
25 temperature of the air in the passenger compartment, 

(b) humidity control operation for controlling the humidity 
of the air in the passenger con5>artment so as to be within a comfortable 
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range y and 

(c) defogging operation for preventing the windshield 12 from 
being def egged. 

The smallest one of the Tte values calculated in the above 
5 operations (a) -(c) is determined as the final Tte. On the basis of 
the final Tte, the ON/OFF state of the compressor 18 is determined. 

Hereinafter, the defogging operation according to this 
invention will be described with reference to a flow chart shown 
in Fig. 5. 

10 At step S81, the ECU 7 reads a sensor signal having a data 

of RH from the humidity sensor 37. 

At step S82 , the ECU 7 calculates the humidity in the vicinity 
of the inner surface of the windshield 12 RHw on the basis of the 
read RH. The formula for calculating RHw is explained, for example, 

15 in Jp-A-2001-213152. 

AtstepS83, onthebasisof azonemap (shown inFig. 6) previously 
memorized in the ROM, it is determined whether RHw enters a zone 
2 or not. When RHw is determined not to enter the zone 2 (NO), the 
next step is step S84. Otherwise, when RHw is determined to enter 

20 the zone 2 (YES) , the nest step is step 50. As shown in Fig. 6, there 
are three zones (i.e., a zone 0, a zone 1 and the zone 2) . The zone 
0 is a low hiomidity zone. The zone 1 is a middle humidity zone. The 
zone 2 is a high humidity zone. 

At step S84, on the basis of the zone map, it is determined 

25 whether RHw enters the zone 1 (YES) or not (NO). When detected as 
YES, the next step is step S86. Otherwise, when detected as NO, the 
next step is step S87. 
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At Step S85, Tte is offset to be low^ and thereby the 
dehumidifying performance of the evaporator 4 is heightened, i.e. , 
the period in which the compressor is turned on is lengthened. 

At step S86, Tts is not changed, and the dehumidifying 
5 performance of the evaporator 4 is kept. 

At step S87, Tts is offset to be high, and thereby the 
dehumidifying performance of the evaporator 4 is lowered. 

Hereinafter, a procedure for offsetting the zone of RHw 
determined on the basis of RH detected by the humidity sensor 37 
10 through the use of the zone map will be explained. 
(First Embodiment) 

In cases where both of the AUTO switch 26 and the A/C switch 
27 are turned off, when the windshield 12 is determined to be fogged, 
i.e., when the humidity RHw calculated at the step 82 enters the 
15 zone 2, and moreover, for example, the defroster mode switch 33d 
is not turned on, this offsetting is performed. The determining 
process of the zone of RHw is performed at a predetermined cycle 
irrespective of the ON/OFF states of the AUTO switch 26 and the A/C 
switch 27 while the ECU 7 is turned on. 
20 Fig. 7 is a flow chart showing a procedure for offsetting the 

zone of RHw determined on the basis of the zone map. This procedure 
is preformed in a state where both of the AUTO switch 26 and the 
A/C switch 27 are turned off. 

At step SlOO, it is determined whether RHw calculated at step 
25 S82 enters the zone 2 (YES) or not (NO). When determined as YES, 

the next step is step SI 10. Otherwise, when determined as NO, the 
procedure finishes. 
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At step SI 10, it is determined whether the defroster mode 
switch 33d is turned off (YES) or on (NO) . When determined as YES, 
the next step is step S120. Otherwise, when determined as NO, the 
next is step SI 30. 

The ECU 7 has a defroster counter (not shown) for counting 
the number of times that the defroster mode switch 33 (Nd) is not 
turned on . At step S 1 2 0 , one is added to Nd . Moreover , RHw is offset 
to be RHw + a (i.e. , RHw = RHw + a) , in which a is a coefficient. 

At step S130, it is determined whether Nd is equal to a 
predetermined number /? (YES) or not (NO) . When determined as YES, 
this procedure finishes . Otherwise, when determined as NO, the next 
step is returned to the step SI 00 and the steps S100-S130 are repeated. 
Hereinafter, the effect of the first embodiment will be 
described. In a state where both of the AUTO switch 26 and the A/C 
switch 27 are turned off , when the ECU 7 determines that the windshield 
12 is fogged and moreover the passenger does not manually turn on 
thedef roster mode switch 3 3d, it is considered that the ECU 7 determines 
RHw lower than its actual value. 

Therefore, when the ECU 7 determines that the windshield 12 
is fogged and moreover the passenger does not manually turn on the 
defroster mode switch 33d, RHw is offset to be higher (i.e., RHw 
= RHw + a). Accordingly, the extra activation of the evaporator 4 
can be prevented while the windshield 12 is not fogged. That is, 
the extra power for driving the compressor 18 can be reduced. 
(Second Embodiment) 

In the second embodiment, components similar to those described 
in the first embodiment will be indicated by the similar nximerals. 



and thus will not be described farther. 

In this embodiment, RHw is offset on the basis on a zone map 
shown in Fig, 8. In a state where either the AUTO switch 26 or the 
A/C switch 27 is turned on, when the ECU 7 determines that the windshield 
5 12 is not fogged, i.e., RHw calculated at the step S82 enters the 
zones 0 or 1 and moreover the passenger does not turn on the defroster 
mode switch 33d, this offsetting is performed. 

Fig. 9 is a flow chart showing a procedure for offsetting the 
zone of RHw determined on the basis of the zone map shown in Fig. 
10 6 . This procedure is performed in a state where either the AUTO switch 
26 or the A/C switch 27 is turned on. 

At step S200, it is determined whether RHw calculated at the 
step S82 enters the zone 2 or not. When determined as NO, the next 
step is step S210. Otherwise, when determined as YES, the procedure 
15 finishes. 

At step S2 1 0 , it is determined whether the defroster mode switch 
33d is turned on (YES) or off (NO) . When determined as YES, the next 
step is step S220. Otherwise, when determined as NO, the next step 
is step S230. 

20 At step S220, one is added to Nd of the defroster counter. 

Moreover, RHw is offset to be RHw - a (i.e., RHw = RHw - a). 

At step S230, it is determined whether Nd is equal to /3 (YES) 
or not (NO). When determined as YES, this procedure finishes. 
Otherwise, when determined as NO, the next step is returned to the 
25 step S200 and the steps S200-S230 are repeated. 

Hereinafter, the effect of the second embodiment will be 
explained. In a state where either the AUTO switch 26 or the A/C 



13 



switch 27 is turned on, when the ECU 7 determines the windshield 
12 is not fogged and moreover the passenger turns on the defroster 
mode switch 33d, it is considered that the ECU 7 determines RHw higher 
than its actual value. 

Therefore, when the ECU 7 determines that the windshield 12 
is not fogged and moreover the passenger turns on the defroster mode 
switch 33d, RHw is offset to be lower (i.e. RHw=RHw- a ) . Accordingly, 
the evaporator 4 can be surely activated when the windshield 12 is 
fogged. That is, the defogging operation can be performed when the 
windshield 12 is fogged. 
(Modifications ) 

In the above described embodiments , the defroster mode switch 
33d must be turned on in order to manually defog the windshield 12. 
Otherwise, following operations (a) -(d) may be performed for 
defogging . 

(a) Either the AUTO switch 26 or the A/C switch 27 is turned on 
(in the first embodiment). 

(b) A door window or a sun roof is opened. 

(c) The air inlet mode is changed to be the outside mode. 

(d) When the vehicle has a heating apparatus near the windshield 
12, the heating apparatus is turned on. 

flowchart showing a procedure for of f setting the zone of RHw determined 
on the basis of the zone map. 

Moreover, in the above embodiments , the zone of RHw determined 
on the basis of the zone map is offset. Otherwise, RH detected by 
the temperature sensor 3 7 or the Tte may be of f set . In this connection , 
RH should offset to be lower in the first embodiment, and RH should 
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be offset higher in the second embodiment. Moreover , Tte should be 
offset to be higher so as to lower dehumidifying performance of the 
evaporator 4 in the first embodiment. Tte should be offset to be 
lower so as to be higher so as to heighten the dehumidifying performance 
5 of the evaporator 4 in the second embodiment. 

Moreover, the zone of RHw on the basis of the zone map is offset 
in accordance with Nd. Otherwise, it may be offset in accordance 
with frequency in use of the defroster mode switch 33d. 

Further, RH is detected by the humidity sensor 37 . Otherwise, 

10 RH may be detected without us ing the humidity sensor 3 7 . For example , 
the amount of dehumidifying moisture is calculated on the basis of 
moving state of the compressor 18, and the amount of humidif iedmois ture 
is calculated on the basis of the number of the passengers, and 
thereafter it is possible RH is determined on the basis of those 

15 calculated amounts. Besides, when a thermal sensor such as a dry 
and wet bulb hygrometer is employed , RH can be approximately precisely 
determined. 

Furthermore, theON/OFFstateof thecompressor 18 is controlled 
on the bas is of Tte in the first embodiment . Otherwise , when employing 
20 a changeable capacity type compressor, the capacity thereof may be 
controlled, ^toreover, when employing an electric con^ressor, which 
is driven by an electric motor, the rotation speed of the motor may 
be controlled. 

The present invention should not be limited to the embodiments 
25 previously discussed and shown in the figures , but may be inclement ed 
in various ways without departing from the spirit of the invention. 
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